An eight-week feeding trial was conducted in a static indoor rearing system to examine the effects of partial substitution of fish meal (FM) protein with copra meal protein with and without supplemental amino acids in diets for rohu, Labeo rohita fingerlings ( average weight 5 .5 0 ± 0. 19 g).Prior to incorporation into diets, the meal was fermented with lactic acid bacteria (Lactobacillus acidophilus) in order to reduce I eliminate the anti-nutritional factors, tanin and ph y tic acid present in it. Twelve experimental diets (Dl to D l2) were formulated replacing the FM protein from a reference diet with copra meal protein at different levels (four sets of diets, of which each set of three diets contained 30, 40, and 50% replacement of FM protein by copra meal protein re-spectively). Diets DI to D3 were not supplemented with any amino acid. Lysine was added to diets D4 to D6. Diets D7 to D9 were supplemented with methionine-cystine {togeth er> �d diets DI 0 to Dl2 contained lysine and methionine-c yr tine (together). Lysine and methionine-cystine (together) were added to the diets at 5. 7% and 3 .1 % of dietary pr. oteinxespectively. The groups of fish fed diets without any st1pplememal anlino-acids had significantly lower percentage wei gh t gain, SGR and high FCR than the groups of fish fed other experimental diets. The addition of lysine and methionine-cystine to the diet in which 50% of FM protein was replaced by copra protein (diet Dl2) significantly improved fish weight gain and FCR. The per centage live weight gain and SGR values differed significantly (P < 0.01) from each other in the fish fed diets D 10 to D 12 which were supplemented with all three amino acids. The results of the present study suggest that rohu fingerlings can effectively utilise the supplemented amino acids and that copra meal protein can replace up to 50% of FM protein in the diets for rohu if the meal is properly fermented and supplemented with deficient amino acids. 
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INTRODUCTION
Attempts to totally replace the fish meal component in aquafeeds with alternate individual protein sources have met with little success. It is therefore, a common practice to attempt to improve the protein quality of aquafeeds by supplementing with the essential amino acids (EAA) that are in greatest deficit (Teshima and Kanazawa 1988; Robinson 1991; Webster et al. 1995) . Some EAA, such as methionine and lysine, are generally critical in formulating fish diets with inexpensive plant protein sources (Tacon 1985) . While fi sh and shrimps do not thrive well on mixture of pure synthetic amino acids instead of protein, individual amino acids (notably L-lysine and DL-methionine) can effectively be used to supplement diets otherwise deficient in these amino acids (New 1987) . Most plant proteins are deficient in the sulphur amino acids (methionine and cystine). The lysine requirement of carp is relatively high, 5.7% of the total protein (NRC-NAS 1983; Wilson 1985) . There exists a relationship between methionine and cystine, two important sulphur-containing amino acids. Cystine is considered non essential because it can be synthesised by the fish from the essential amino acids, methionine.
Therefore, if methionine is fed without cystine, a portion of methionine is used for protein synthesis and a portion is converted to cysteine for incorporation into protein as cystine. If cystine is included into the diet, it reduces the amount of methionine needed in the diet Because of this relationship, the fish has a total sulphur amino acid requirement rather than a specific methionine requirement. The total sulphur amino acid requirement (methionine+ cystine) for carp has been reported to be 3.1% of total protein (Nose 1979; Wilson 1985) .
Copra (dried kernel of coconut, Cocos nucifera) is available at a large scale in Birbhum, West Bengal, India as a by-products of coconut oil industry. Although deoiled copra meal is a promising vegetable source in carp diets (Mukhopadhyay and Ray 1999 ), yet it is low in methionine and lysine. In the present study, diets containing different inclusion levels of deoiled copra meal protein were supplemented with lysine and methionine-cystine (together) to meet the minimum requirement for lysine and methionine cystine for carp which are 5. 7% and 3 .1 % of dietary protein respectively (Nose 1979; NRC NAS 1983; Wilson 1985) .
MATERIAL AND METHODS E x p e r i m e n t a l d i e t s
Fermented copra meal was used as the test ingredient. Autoclaved samples of copra meal were then inoculated with lactic bacteria, !ACtobacillus acidophilus (Intercare Ltd., India; 10 6 cells/g) at 5% level and kept for 48 hours at room temperature. After 48 hours the fermented sample was sundried and pulverised. The fermented samples were analysed for phytic acid content and were found to be reduced below the detection limit. Twelve experim ental diets (diets DI to Dl2) were prepared replacing fish meal protein with copra meal protein at different levels. In diets Dl, D2, and D3 fish meal protein was replaced by copra meal protein at 30, 40, and 50% levels without any amino acid supplementation. Diets D4 , D5, and D6 were supplemented with lysine at 5.7% of dietary protein. Diets D7, D8, and D9 were supplemented with methionine and cystine (together) at 3 .1 % level of dietary protein. Finally, diets DIO, Dl 1, and Dl2 were supplemented with all three amino acids, i.e., lysine, methionine and cystine. To each of the formulated diets 1% chromic oxide was added as an external marker. All the diets were prepared in pelleted form using carboxy methyl celulose (CMC) as a binder (Tab. 1).
Ex p e r i m e n t a l d e s i g n The experiment was conducted in a static indoor rearing system containing 90-dm 3 glass aquaria with continuous aeration. Rohu, Labeo rohita fingerlings were obtained from a local fish seed dealer and acclimated to the laboratory condition for 15 days and fed with a 1: I mixture of rice bran and mustard oilcake. Fish fingerlings (mean weight 5.50 ±0.17 g) were randomly distributed at the rate of 10 fish per aquarium with two replicates for each treatment. Each experimental aquarium was supplied with unchlorinated water from a deep tube well. The experimental fish were fed with the formulated diets twice daily at 09.00 h and 15.00 h at a fixed feeding rate of 5% wet body weight per day for the whole experimental period of 60 days duration. The quantity of feed given was readjusted every 10 1h day after weighing the fish. The uneaten feed was collected after 1 h by siphoning after each feeding. The faecal samples were collected following the method outlined by Spyridakis et al. (1989) . The faeces naturally released by the fish could be easilyaetectable and were removed from the water with a glass canula. The collection was performed everyday, 17 h after the last feeding. Faeces collected from replicate treatments were pooled, dried at 60°C in an oven and stored for subsequent analysis. Pooled f ae cal samples for each treatment were analysed separately. At the termination ofthe experiment, all the fish were weighed individually and used for subsequent analysis. The water in each tank was changed every day throughout the experimental period in Order to maintain the water quality. The ranges of the water quality parameters were: temperature, 26-30°C; pH, 6.3-7.3; dissolved oxygen, 4.9-7.7 mg/dm 3 ; alkalinity, 189-190 mg/dm Che m i c a l a n d s t a t i s t i c a l a n a l y s e s Feed ingredients, experimental diets, faecal samples, and carcasses were analysed for proximate composition following the AOAC (1990) procedures. Chromic oxide in the diets and faeces was estimated spectrophotometrical!y following the method of Bolin et al. (1952) . The tannin content in the deoiled copra meal was determined using Polin-Denis reagent (Schanderi 1970) , and the phytic acid was determined following the method outlined by Wheeler and Ferrel (1971) . Amino-acid analysis of deoiled copra meal was carried out using an HPLC apparatus with PICO-TAG amino-acid analyser (Waters). Protein samples were hydrolysed in 6 mol/dm 3 HCl at 110°C for 22 h. Water analyses followed the methods outlined by the APHA (1980). Apparent protein digestibility (APD, %) specific growth rate (SGR, %/day), feed conversion rate (FCR), protein efficiency ratio (PER), and apparent net protein utilisation (ANPU, %) were calculated using standard methods (Steffens 1989) . Statistical analyses of the data were made by analysis of variance (ANOVA) followed by Scheffe's F-test for multiple comparisons (Das and Das 1993) . Data were considered significant at the 0.01 level.
RESULTS
The proximate composition and amino acid constituents of the feed ingredients are presented in Tab. 2. The proximate composition and the calculated level of amino acids of the formulated diets are depicted in Tabs. 1 and 3, respectively. All the diets were isonitro genous (35% crude protein) and isocaloric (4.62 kcal/g). Phytic acid could not be detected in any of the experimental diet. The tanin contents in the diet varied from 0.40% to 0.69%.
The data pertaining to the growth performance and feed conversion effi i::_ i�ncy of the fish in each dietary treatment are presented in Tab. 4. The average final weight of the fish increased considerably from the initial value (5.50 ±0.17 g) in a!! the dietary treatments. However, the highest attainment in fish body weight, average percentage live weight gain, and SGR were recorded in the group of fish reared on diet D12 with 50% copra meal protein and supplemented with lysine, methionine and cystine. The percentage live weight gain and SGR of the fish fed diets without any amino acid supplementation (diet& 01 to D3) and with only lysine supplementation ( diets D4 to D6) decreased with increasing levels of fish meal protein replacement with copra meal protein. Best PER was recorded in the fish fed diet Dl2. PER value was lowest with diet D3 (50% fish meal protein replaced by fermented copra meal, without any amino acid supplementation) which was not significantly different from that obtained with diet D2. Apparent net protein utilisation (ANPU) by the fish was recorded with diet Dl2 while, the lowest was recorded with diet D3. The feed conversion ratio (FCR) was best for diet Dl2 which was significantly different from all other diets. The FCR was worse with diet D3 (with 50% fish meal protein replacement and without any amino acid supplementation). The apparent protein digestibility from diet D9 was comparable to the reference diet and diet D12 had significantly (P < 0.01) higher protein digestibility than the reference diet. The apparent protein digestibility of DI 2 was comparable to the diets DIO and D12. Protein digestibility from the copra meal was lowest with diet D3 (50% replacement level without any amino acid supplementation). Figures with same superscripts in the same row was not significantly different (P < 0.01)
DISCUSSION
The results of the present study demonstrated that the supplemental amino acids (lysine and methionine + cystine) were effective in improving the nutritive value of the fermented deoiled copra meal incorporated diets which were deficient in the aforementioned amino acids for Labeo rohita fingerlings in tenns of percent weight gain, specific growth rate (SGR, o/o/day), FCR, PER, and ANPU. Rohu fingerlings grew poorly when fed diets containing different levels of copra meal protein (30, 40, and 50% replacement of fi sh meal protein) without any amino acid supplementation. Replacement of fi sh meal protein with plant protein has had variable success. In the studies where growth is reduced, several hypotheses have been suggested to explain the results. These are: (a) sub optimal amino acid balance, (b) low protein content, and (c) presence of antinutritional factors (Tacon 1993) . Amino acid analyses of the oilseed meals used in the present experiments indicated that copra meal was deficient of lysine and methionine which failed to meet the amino acid requirement of rohu fi ngerlings. The antinutritional factors tannin and phytic acid in raw oilseed meals adversely affect the growth of fi sh (Mukhopadhyay and Ray 1996 , 1997 , 1999 . The oilseed meals used in the present study was fermented with lactic acid bacteria prior to incorporation into diets. This treatment resulted in reduction of the antinutritional factors below detectable limits. The reduced growth of fish fed diets without any amino acid supplementation may be due to amino acid imbalance in these diets.
Labeo rohita fingerlings fed oilseed meals diets with individual supplementation of lysine or methionine and cystine, had significantly lower percentage weight gain, SGR, PER, ANPU, and higher FCR than fish fed the fish meal based reference diet without any amino acid supplementation. This indicates that the supplementation of any one of the deficient amino acids did not improve the nutritional quality of the oilseed meals significantly. Rumsey and Ketola (1975) reported that individual supplementation of soybean meal with lysine, methionine, histidine or leucine did not improve growth rate of rainbow trout. In a subsequent report, Fordiani and Ketola (1980) found that methionine supplementation of commercial soybean meal improved growth rate of rainbow trout, but methionine supplementation did not improve the quality of reheated soybean meal. Wu and Jan ( 1977) for Oreochromis aureus fry also reported that weight gains were not increased by the supplementation of crystalline methionine to a soybean meal diet. Addition of supplemental methionine in fish diets has had variable success. Tacon et al. (1984) stated that addition of 0.2% L-methionine to a diet deficient in methionine for rainbow trout, Oncorhynchus mykiss, did not improve growth. However, Shiau et al. (1987) reported that addition of supplemental methionine improved growth in tilapia. Murai et al. ( 1986) reported that nutritional value of soyflour was improved by addition of 0.4% crystalline L-methionine. On the contrary, Andrews and Page (1974) reported no improvement in weight gains when supplemental methionine was added to channel catfish diet. It has been stated that crystalline methionine is rapidly absorbed in fish and degraded into methionine sulphoxide (Thebault 1985; Murai et al. 1986 ). Robinson (1991) however, reported improved growth in channel catfish fed a diet in which 100% of soybean meal protein was replaced by cotton seed meal protein with supplemental lysine. Viola et al. (1982) also reported improvement of soybean meal protein with supplementation of both methionine and lysine in carp diets.
On the other hand the supplementation of the oilseed meal containing diets with lysine, methionine, and cystine was effective in improving the growth of Labeo rohita fingerlings. The fish fed diets in which 50% of fish meal protein was replaced by oilseed meal protein and supplemented with all of three amino acid (lysine, methionine, and cystine ), gave significantly (P < 0.01) the higher percentage weight gain, SGR, PER, and ANPU than those fed the reference and other experimental diets. Andrews and Page (1974) tried to improve the quality of soybean protein by adding methionine, cystine or lysine. They found, however, that adding crystalline methionine, cystine or lysine did not improve the growth of channel catfish . Although essential amino acid requirements of Labeo rohita fingerlings have not been established, the results of the present study indicate that the diets containing 50% oilseed meal protein with amino acid supplementation (lysine and methionine + cystine) met the essential amino acid requirement of common carp (Wilson 1985) .
The protein digestibility was found to be better or comparable to the reference diet for diets with lysine and methionine + cystine supplementation, up to 50% replacement of fish meal protein with oilseed meal proteins. In case of oilseed meal containing diets _'Yithout any amino acids supplementation digestibility of protein was recorded lower in comparison to those for the reference diet. However, individual supplementation of amino acids resulted in increased protein digestibility than for the diets without any amino acid supplementation.
The apparent digestibility of protein decreased with increasing level of incorporation of oilseed meal protein without any amino acid supplementation.
The proximate composition of carcass of the experimental fish at the termination of the feeding trial resulted in significant increase in protein and fat in comparison to the initial values in all the dietary treatments. Carcass moisture content of the fish fed 50% oilseed meal protein diet with/without amino acid supplementation was lower and protein content was higher than those fed other experimental diets. The fish fed diets in which 50% fish meal protein was replaced by oilseed meal protein and supplemented with all three amino acids (lysine, methionine +cystine), resulted in higher protein and lipid and lower moisture deposition than those reared on the reference diet. Webster et al. (1995) however, did not . find any significant difference in percentage of moisture, protein and fat in blue catfish, Jctalurus jurcatus fed L-methionine supplemented soybean meal containing diets. Poston and Rumsey (1983) reported that feeding graded levels of tryptophan caused increased deposition of lipid and dry matter and lower ash and body protein in rainbow trout. Robinson (1991) observed no negative effects on percentage dressout or proximate composition of channel catfish fed diets containing cotton seed meal protein with/without supplemented lysine. He found an increase in percentage protein and reduction in percentage fat in channel catfish fed a feed containing 50% cotton seed meal protein and lysine. In the present study, diets containing 50% oilseed meal protein with supplemental lysine, methionine + cystine resulted in significant increase in both protein and lipid in the carcass of the fish. Deoiled copra meal cannot be utilised at a level of more than 20-30% of diet in raw condition without compromising growth of fish (Mukhopadhyay and Ray 1999) . The factors which limit their incorporation at high levels are the presence of antinutritional factors, tannin and phytic acid and amino acid imbalance. The inclusion rate of copra meal could be increased up t0 30-40% by eliminating/reducing the amount of tannin and phytic acid by proper processing prior to their incorporation (Mukhopadhyay and Ray 1999) . It can further be concluded that rohu fingerlings are able to effectively utilise the supplemental amino acids and that up to 50% of fish meal protein can be replaced by deoiled copra meal proteins in the diets for rohu if the oilseed meal is properly processed (fermented) and supplen1enteclwith deficient amino acids.
